Introduction Introduction
• Focus of this work is the study of jet fuel vaporization within a fuel tank
• Primary motivation resulted from the TWA Flight 800 disaster in 1996
• NTSB-led accident investigation determined the cause of the crash was an explosion in a nearly empty center wing fuel tank caused by an unconfirmed ignition source Objectives Objectives
• An experiment was designed to:
• Simulate in-flight environment around a fuel tank
• Fuel tank situated in an environmental chamber that could simultaneously vary the ambient chamber temperature and pressure
• Measure conditions in and around the fuel tank • Comprehensive data sets were generated for model validation
• A pre-existing model was used to compare measured and calculated ullage gas temperature and ullage vapor concentration • The same model was used to make flammability assessments and to discuss the flammability in terms of the overall transport processes occurring within the fuel tank 
Principal Assumptions Principal Assumptions
• Well mixed gas and liquid phases • Uniformity of temperatures and species concentrations in the ullage gas and in the evaporating liquid fuel pool • Based on the magnitude of the gas and liquid phase Rayleigh numbers (10 9 and 10 5 , respectively)
• Use of available experimental liquid fuel and tank wall temperatures
• Quasi-steady transport using heat transfer correlations and the analogy between heat and mass transfer for estimating film coefficients for heat and mass transfer
• Liquid Jet A composition from published data of samples with similar flash points as those tested (Woodrow 2000) Heat and Mass Transport Heat and Mass Transport • Over 300 hydrocarbon species were found to completely characterize Jet-A and JP-8
• It was found by Woodrow (2000) that the fuel composition could be estimated by characterizing it in terms of a number of n-alkane reference hydrocarbons, determined by gas chromatography
• The approach taken by Woodrow effectively reduces the number of components from over 300 down to 16 (C5-C20 alkanes)
• The results from Woodrow's work present liquid compositions of different JP-8 samples with varying flashpoints in terms of the mole fractions of C5-C20 alkanes
• Since fuels of different composition could be represented by their respective flashpoints, it is evident that the flashpoint is dependent upon the fuel composition 0 10,000 20,000 30,000 • The variation of ullage gas concentration can be explained by the model's calculations of temporal mass transport
• The mass of fuel stored in the ullage gas at a given moment can be calculated when considering • FAR rule and Le Chatelier's rule were used to assess the flammability using the model calculations 
Conclusions Conclusions
• Experimentation was successful in measuring ullage vapor concentration in a simulated fuel tank exposed to varying ambient conditions
• A large data set was generated that can be used for validating fuel vaporization models
• The model used in this work proved to be accurate in it's predictions of ullage gas temperature and ullage gas vapor concentration
• The model was useful in describing the transport processes occurring within the tank and explaining the ullage vapor concentration with a mass balance
• The model was useful in estimating the level of mixture flammability in the ullage utilizing both FAR and Le Chatelier's criterion for the lower flammability limit
